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I     Till.  niJiAvioi  H  oi   nil:  RhSHiKATioNs  Aktkh  Dkckri-bration 

IN  TMK  (AT 

By  J.  J.  R.  Macikod,  MB..  F.R.S.C. 

(Read  May  .\tecting,  l<tV>) 

Our  knowU-dgc  of  the  functions  of  the  ri-npiratory  centre  (l«|M-tiflsi 
on  observations  which  have  been  made  either  on  ana-sthetised  lahor.i- 
tory  animals  or  on  man  in  the  normal  state.  To  l)oth  grouiw  of  re- 
searches  serious  objections  can  be  raist«l;  to  the  former  Ixrausc  of 
the  use  of  ana-sthcsia,  which  is  well  known  greatly  to  depre«H  the 
excitability  of  the  respiratory  centre,  and  to  the  latter  because  of  the 
limited  variety  of  observntions  which  it  is  practicable  to  make.  As  a 
first  step  to  a  further  investigation  of  the  respirator>'  function,  there- 
fore, it  iK'came  necess.  =  r\  to  seek  for  some  method  applicable  to 
laboratory  animals,  in  winch  the  activities  of  the  centre  would  not  be 
dulled  by  the  use  of  ana-sthetics.  It  has  been  found  that  this  require- 
ment can  Ije  satisfactorily  met  by  using  the  decerebrate  preparation 
which  was  originally  described  by  C.  S.  Sherrington,'  an.'  subsequent- 
ly more  closely  studied  by  Theile,'  Sherrington,'  Forbes  and  Sher- 
rington,* Miller  and  Sherrington*,  Weed'  and  Cobb,  Bailey  and  Holtz'. 

The  section  of  the  brain  stem  is  usually  made  about  the  level  of 
the  anterior  corpora  quadrigemina.  After  the  effects  of  the  initial 
ana-sthesia  have  passed  ofT  a  state  of  rigidity  (plastic  tonus)  of  the 
postural  musculature  supervenes  and  the  breathing  usually  remains 
more  or  less  normal. 

In  using  the  decerebrate  preparation  for  investigation  of  the  re- 
spiratory function  one  must  not  lose  sight  of  the  fact  that  important 
OTntrolling  influences  have  been  removed  from  the  centre,  namely 
those  derived  from  the  higher  cerebral  centres,  and  that  the  respiratory 
function  under  these  conditions  may  be  as  far  removed  from  the 

'  Sherrington,  C.  S.    Journ.  Physiol.,  1897,  XXII,  319. 
'  Theile,  F.  H.    Journ.  Physiol.,  1904,  XXXII,  358. 
•Sherrington,  C.  S.    Quart.  Journ.  Physiol.,  1908.  II,  109. 
« Forbes,  A,  and  l.ierrington,  C.  S.    Am.  Journ.  Physiol.,  1915,  XXXV,  327. 
'  Miller,  F.  R.,  and  Sherrington,  C.  S.    Quart.  Journ.  Physiol.,  1915,  I.\,  147. 
•Weed,  L.  H.    Journ.  Physiol.,  1914,  XLVIII,  205  and  Am.  Journ.  Physiol.. 
1917,  XLIII,  131. 

♦Cobb,  S.,  Bailey,  A.  A.,  and  Holtz.  P.  R.    Am.  Journ.  Physiol..  1917,  XLIV, 
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iinrinat  an  in  an  an.if<th»ti'«««|  animal  with  hraiii  iniatf  It  it  ilt.ir, 
howi'vir,  that  iiti(Mirlant  fart*  an-  lik<  Iv  to  U*  nvialrtl  liy  oltMrMiii; 
thi-  Ixhav  ifiur  <>f  thctlrivrchratMl  animal  in  rflati*in><lii|)  tn  chanui*  in 
thf  rhiMiiiial  tundilinn  nf  lh«'  arlirial  MimhI.  an  invroiinatinn  ttliich  it 
\Try  tliftit  lilt  in  man,  ami  v\liirh  tan  lH<arri«<i  <>ut  in  an.ittlii  tivi.l 
anini.iKiinlv  to  a  limitt'dtlrKnc  Ihciiis*'  nf  tlif  pri'Miii  r<>(  an.i^itifin> 
in  till'  IiIihkI. 

It  ha»  ini'ti  iHiird  l»y  <t»'\vral  nf  ilu-  alHixc-mrntinnol  unrkii  . 
particularly  by  ThtiU-  (Inc.  «it.)  and  WVicI  iWird,  I..  H.,  Ani.  J.inrii. 
I'h\'«in|,.  1917,  XI.  1 1 1,  1.11.1  that  tin- «liar.n  iir  nf  tin'  r»  spiral  inn'-  ii..«<. 
nnt  ri-main  the  «.anu'  tlimnjiiiniit  tlu-  |nrin<l  diirinn  wliiiti  tlir  aniiu.il 


the  (l« 


•■circliratinn.     Wi'cd  ri<in{ni/i-H  thric  jK-riixU  nf 


siirvivTs 

what  dinirint  Uhavimir  <.f  tin-  ditrnbratcd  animals;  in  tlu-  tliinl  'f 
tht'w,  which  sufHTNi'iH's  in  fmni  two  and  nnc-half  to  three  hi<ur^ 
f()IIn\vin>;  the  decereliratinn,  increa-inv  rexpiratory  dilticulties  with 
rapiil  decline  are  nfien  nliver\ed. 

In  n  M-rics  nf  invi'stiKatinn*.  cnndiirted  in  the  .inllmrV  l.il"  r- 
atnrx'  by  R.  \V.  Scott,  in  which  the  i)articular  problem  wan  tn  mhiIn 
the  inlliience  of  rapidly  intTcasinn  |HT«-entaKes  of  carbnn  <lin\i(le  in 
the  inspired  air  and  of  intr.ivennus  injectiunt<  of  alk.di  nn  the  re>|iir,i- 
tion  nf  decerebrate  cats  (So)tt,  R.  \V.,  Am.  Journ.  I'hvsinl.,  I';l7, 
Vol.  44,  196),  it  was  noted  that  there  w«re  three  more  or  los  distim  t 
RH'-ips  of  animals.  In  one  of  these,  adeqnate  sjvintaneous  respir.itinn 
did  not  return,  or  if  it  did  .so  it  was  irrenular  and  incap.ible  to  m.iin- 
tain  life.  In  a  setx)nd  xroiij)  the  breathing  was  fairly  satisf.icinry 
for  the  first  hour  or  s«  but  then  lH,'came  dyspnocic  and  gaspinK,  and  ilio 
animal  soon  succumlx!d.  In  the  third  K^oup  the  animal  breatlml 
with  jierfect  regularity  for  many  hours,  and  even  at  the  end  did  iiit 
develop  the  dyspnua  characteristic  of  the  second  group. 

Since  these  variations  might  lead  to  serifni-  confusion  in  the  fur- 
ther researches  which  were  contemplated,  it  was  decided  to  make  a 
closer  study  of  the  breathing  and  particularly  to  see  whether  vari.i- 
tions  in  it  are  correlated  with  changes  in  the  acid-base  equilibrium  <if 
the  blood.  It  is  with  this  phase  of  the  problem  that  the  present  pa|>tT 
is    oncerned. 


Methods 

Ueccrebration  as  jicrformed  with  the  apparatus  and  by  the 
metho<]  described  by  Miller  and  Sherrington  (Quart.  Journ.  Phxsinl., 
1915,  IX,  107).  It  is  of  interest  to  note  that  frequently  the  respira- 
tions became  regular  almost  immediately  after  the  decerebration  an(' 


p,-^^J'i!j;^Bagg3B88Ji.«-rig?Sa^a8B«?TlCT^gy-C.-=-aJ. 
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-.rri.iiiHil  »..,  iiariinil.irlv  in  voiunf  animal*,  iwn  liurinu  n.ni|>ri«»i..n 
I  ilir  vrriibral  art»rii'.;  whiNt  in  oihir  .inini.iU  a|in.i.i  Kr.Klti.illy 
Mi|«rv«n«-«l,  but  rouM  U-  iMinu.liati  l\  firMiin.ii.<l  In  .illuwinu  -""ir 
irurial  I.Iim«|  tn  rr.u  li  the  incWiilla  l>v  muiiiintarilv  rrlra'>inK  iJu" 
N.riiliraN.  Tin-  niUx  attivitif»  of  thr  cU<.  r«  hratf  animal  \ariii| 
...n.i.liralilv  aivi.nlinK  tn  th  •  exact  |xmiti..n  i.f  thf  rut.  Win  ti  thin 
V  f  Will  f.Twanl  I.f  ■III-  ati.  •  <t  «Mri«.ra  r|iia<lri«niii(M  ilic  animals. 
,.li.r  ihi  ilt«<ls  ..f  thf  an.i*'  tir  lia.l  |mvm<I  ..||,  uirt  liiyhlv  cvit- 
J^<■  an<l  UliavKl  a«t  if  thty  l«lt  wtnu-  pain  Srtii.n  In  a  wal|)il  a 
iittir  furtlur  hack  immr.liafcly  ntn.-Md  ihiM-  mim.tir  r«a<tinn-i. 
t.iH  the  ri'sullinK  iinparatii.n  was  nut  as  a  riilr  »■.  vilislat  (..r\  as  wlnn 
(In  tirst  cut  hail  Initi  in  the  cornet  |Ml^iti<ln  ur.  thniUKh  th«-  antirinr 
'•  r|H.ra  f|ua<lrit;fmina).  When  the  rut  invuUvd  the  |M,st.ri-.r  c..r|M,ra 
r  iiaiJriKcnjina  >t(xmtancoii-t  linathinK  rartly  riturnnl  cxci  |it  in  very 
vnuiiK  animals,  anil  cmii  in  them  it  was  usually  irn  ^ular  and  un- 
-iiisfac  lory.  In  a  suivi.dinK  pa|KT  \\c  shall  show  ihaf  an  al.unilant 
■  wKtn  supply  to  till'  cintn-  n.uhl  usuallv  l)e  counted  on  to  rcstort' 
tlir  l.nathing  to  normal  in  tlnH.c  case<*  in  which  it  was  irnyular  and 
'!>.i--iniMlic, 

Ihc  alveolar  air  was  collected  hy  inserting  into  the  traihia 
ihrouKh  a  side  luU-  in  the  traihial  cannula)  a  narrow  tuU-  i^uni- 
•listic  catheter),  the  outer  end  of  which  was  connected  with  an  all- 
kI.iss  Rraduated  syrinKC  (10  cc.,  hut  capahle  of  holding  about  16  re.) 
with  the  piston  well  smeared  with  vaseline.  Towards  the  end  of  nor- 
ni.il  respiration  the  piston  was  withdrawn  taking  in  from  oiu  half 
to  one  cubic  centimetre.  This  i)ri«X'»»  was  re|KMted  for  several  suc- 
cicJinK  expirations  after  which  the  air  was  ex()elled  again  into  the 
tr.K  hea  so  as  to  wash  out  the  dead  spaix-  of  the  tubing.  Hy  a  reiKti- 
tH.ri  of  the  above  priHcdure  a  sam|)le  of  about  10  cc.  of  alveolar  air 
w.is  then  collected  for  analysis.  The  anaUsis  was  carried  out  in  a 
10. c,  llaldane  gas  burette,  the  accuracy  of  which  liad  ken  carefully 
1  lucked  against  HriKlie's  apparatus. 

There  can  be  no  doubt  that  the  fractions  of  air  collected  towards 
tilt  end  of  normal  expirations  is  aheolar  air  in  the  usually  accepted 
M  nvf.  The  average  tidal  air  of  a  cat  is  generally  about  .^5  cc.  and  the 
diad  space  from  the  (x.int  of  insertion  of  the  catheter  to  the  alveoli 
c.iiiiiot  Ik-  more  than  10-12  cc.  so  that  the  last  few  cubic  centimetres 
"I  .iir  of  a  normal  expiration,  from  which  the  fractions  of  0  5-1  cc. 
■ir.-  collected,  must  be  undiluted  alveolar  air,  even  after  allowing  for 
thi  |)ossibility  that  some  of  the  jieripheral  layers  of  air  in  the  trachea 
ri'  not  move  .so  quickly  as  the  axial  currents  (cf.  Henderscm,  Chilling- 
w-nh  and  Whitney,  Am.  Journ.  Physiol.,  XXXVIH,  p.  1). 
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^hllfl  III  makJiiK  jhUmI  inrtiixiriwins  »if  rhr  »rn*ion  "rf  r4fU,i, 
(liokidr  in  arlrrial  J>lim<|  .uxi  jivt-c.lar  4tf ,  thr  ?n«*.  -tintftirtiirv  r\ iili  n.  ■ 
thiU  ihe  iMTrrntiiKr  n)tn|Mi«iiiiin  «.(  ihr  atwular ■.imptr*  o>llt^ii(i  l.\ 
ihr  !'rr««nt  mrthiMl  rrallv  <iirrt«|HimU  lo  the  irnnion  of  thv  k.»»  i,, 
artiri.il  IiI.mkI  in  iii|i|)|ii<|  by  thr  c<in»t.im'vi»f  the  rniiltsiii  muxrt-ivi 
Mftiplrii  of  air.  This  oniianry  can  lie  •een  in  the  ftKnn'*  giwn  i|. 
the-  l.ihlrn  at)  otniMiiviiiiif  thi«  (uiK-r. 

The  iMTiTritagr  of  tarlHm  fliosicle  in  the  arterial  IiIikkI  ua»  I. 
ternjirmi  l>v  the  method  of  H.iri-roft  and  llatdane,  u«inK  0  5  n-  ..f 
IiIimkI  and  an  excenn  of  weak  atnnuinia  water,  «>  that  the  itreiipitui 
whi«  h  in  formed  when  a<  id  in  added  to  dililtMtKe  the  ('(H  doe^  not  ni.iki 
the  dilution  »o  thick  an  to  interfere  with  the  evolution  of  thr  <  <  i 
The  I',,  of  the  arterial  tlow  wai  meamired  hy  the  methiKl  of  I.rv\. 
Kowntree  and  Marriott  (Anhiv.  of  Int.  Med  ,  I«»|5,  XVI,  .l«'>'.  ttu 
exact  I'h  of  the  phintphate  wijutiomt  usetl  for  cnni|>ari»un  Iteinu  ditir 
mined  l>y  the  electro-metric  methixl. 

The  total  aridity  of  the  urine  wa>»  computed  liy  adduiK  'l  iln 
titratablf  acidity  (in  re.  n/uacid  |)er  1(K)gc.  urine),  aftemhakinii  wiih 
exce!w  of  neutral  (v)tas«ium  oxalate.  u<ting  phenolphthalein  .\*  indir.i- 
tor,  and  i2)  the  ammonia,  utinK  the  iH-rmutit  method  of  Folin  .iixl 
Bell  (J.  Hiol.  (hem.  X.V.,  1917,  XXLX,  329). 

The  quantity  of  l.ictic  acid  in  the  lihKid  wan  determined  hv  the 
niiKlified  von  I'Urih  methiKi  dracrilied  el-wwhere  by  the  author  .Vac- 
lc<)d  and  HmAtr,  Am.  Journ.  Phy»iol.,  1916-17,  XLII,  460). 

CONSIDKRATION  OK  RkSULTS 

The  |)re!«ent  communication  concerns  the  results  obtained  (ni 
cats  which  continuetl  to  breathe  more  or  less  normally  for  at  hast 
twr)  hours  followinK  th""  de<-erebratinn.  AccordinK  to  the  In-hax  iour 
of  the  breathing,  as  judged  from  the  minute-volume  «)f  res|)in<l  .nr, 
these  animals  could  Ih  divided  into  two  main  Krou|)s;  in  the  one,  the 
breathing  either  remained  alxiut  constant  or  it  slightly  decria-id, 
whilst  in  the  other  it  progressively  increased.  In  several  aninial>.  of 
•he  first  group  the  observation  was  terminated  by  bleeding  to  dt.ith, 
but  in  those  of  the  second  group  it  was  usually  continued  until  the 
animal  died. 

The  results  of  a  typical  exjieriment  of  the  first  group  of  animals 
are  given  in  labli   I : 
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No 
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Vol, 
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C<X% 
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% 
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375 

«0 

38 

3  75 
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38 

Riiulity 

67 

33 

malcrat* 
•routtlc 
ndt*  and 
hyiwreicit- 

•Ll*. 

7S 

, , 

,   , 

3'70 

92 

39  6 

95 

M5 

38  4 

Hi 

32 

125 

40-9 

127 

MX) 

.. 

142 

50 

.. 

160 

31 

175 

170 

86 

,  , 

Clycoturia. 

200 

30-3S 

37-3 

After  warm- 

225 

ilA 

38  2 

ing  tank. 

258 

33 

38J 

257 

3-2 

Rigidity 

275 

, 

30 

285 

•• 

(3-6)' 

Rigidity 
almost  gon«. 

516 

,  , 

3-2 

330 

,  , 

42  8 

333 

662 

39 

,  , 

338 

90 

bled  to 

death 

B.P.  70  mm. 
Hg. 

Glycoaiiria. 
Ph  of  blood 
at  end  76 

In  more  cond'-nscd  form  the  results  of  the  other  observations 
if  this  group  are  given  in  Table  II : 
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Table  II 


Time 

Kt'spjrationi 

Urine 

1 

uftir 

IKT 

min. 

Acid 

NH, 

No        ili'iorc- 

Alveolar 
CO,  ■ ;, 

Blo«« 
CO.'. 

c.c.  N/IO  c.c.N/K 

■  0                        iV 

)        R  L ■  1 1 1  1  r  If  •* 

Kx|         brat  ion 

vZi 

•  »*-  1 1  111  I  K  S 

(iiiin.) 

c.c. 

rate 

VI 

50-7J 

60 

^■3 

44-2 

120 

\\  of  l)loo.| 

1S7-165 

i2 

2-75 

41 

•• 

7-4 

Di'iireliralc 
ri|{i>lity  dis- 
tinct. 

1W-I<)S 

40 

2-25 

41 

Tump.  39''(" 
I'l,  of  Mcioil 

i7.4. 

Hll'i!  to  <k  It 

XIV 

60- 1(H) 

11(H) 

3-5 

52-8 

Marked 
rigidity 

? 

l.?5-16S 

9N0 

2-8 

38-5 

Kfil.  tciii|). 

40''C\ 

m)-225 
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2-7 

37 

•• 

l<l.;l.lity 
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.S75 
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0175'; 

XWI 
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-UUO 

40 

4-5 

•• 

•• 

•• 
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155-215 

825 

32 

41 

28 

Moderate 
ritjidity 

230-240 

845 

34 

4-4 

Lactic  acid 

o-osi',;, 

260-275 

4-4 

16 

No  Rlyco- 
suria 

XXIII 

1.15-140 

1080 

27 

3-3 

■• 

106 

0107 
0  076 

? 

195-215 

1120 

28 

3-3 

RiRidity 

-1170 

slight 

230 

1150 

30 

20 

0  033 

250-255 

1120 

28 

30 

290-295       910 

25 

2-9 

1',,  of  l.locd 

7-6-7-7 

302-305 

960 

22 

*   * 

45 

6-5 

( 

-actic  acid 

)()98';- 

)-I01% 

XII 

45-60 

64 

3-6 

40-2 

ligidity 

$ 

noderalt 

110-115 

42 

3-9 

39-6 

38-5 
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c.r.\/lo 

cc.\/I(l 
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V.il. 
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135-147 

36 
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RiKiilily 

217-247 

31 

41  0 
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26.S-28S 

2-4 

37-0 

JO.S 

412 

42 

20 

38  0 

39  5 

n.l'.  v.ry 

IX 

60-79 

2!7 

4-3 

40-8 

ll  IW 

Kispii.iiory 

yiiiitiiiit 

98- U6 

294 

14 

48 

()r).s 
RiKiility 

lJl-146 
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16 

45 

44 

tiKkrkcil 
Urspir.ilory 
(Jiidl  ii'iit 
0-74.    Rigid 
ity  .sli^lit. 
L.tt'tir  acid 
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The  following;  are  considered  the  must  noteworthy  chanicteriHtics 
111  these  observations: 

1.  Hoth  the  respiratory  vohinie  and  the  resjiiratory  rale  decline 
pradiially,  although  occasionally  after  four  or  five  hours  a  shi^iit  in- 
cr-ase  may  occur  (cf.  IX  and  Will).  This  increase  is  douhliess 
explained  by  the  fact  that  the  respiratory  centre  is  hyi.erexcilaMe 
in  decerebrate  animals,  so  that  the  manipulation  involved  in  with- 
drnwinj;  blodd  from  the  femoral  artery  for  analysis,  or  in  cleaniu);  the 
femoral  cannula  of  clots  brings  on  a  marked  hyperpnoa  which  may 
last  for  some  minutes  after  the  irritation  is  removed. 

2.  The  percentage  of  carbon  dioxide  in  the  alveolar  air  collected 
in  from  one  to  two  hours  after  decerebration  (when  all  ether  has  dis- 
ap[)eared  from  the  blood)  varies  between  .^.?  and  ,V')  in  live  of  the 
SIX  cats  of  this  group,  and  in  numerous  observations  which  we  have 
subsequently  made  this  value  lias  usually  been  found.  Occasii>nally, 
and  for  no  evident  reason,  the  percentage  may  be  s<imewhat  higher  as 
in  exixTiments  IX  and  XXVI.  During  the  remainder  of  the  period 
of  obser\-ation  the  percentage  of  alveolar  CiX  either  remains  prac- 
tically unchanged  (XXVI)  or  it  ver\  gradually  decreases. 
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In  a  series  of  decerebrate  cats  used  in  a  research  by  Lois  Frascr, 
R.  S.  Lang  and  the  author,  the  alveolar  air  was  analysed  for  botii 
carbon  dioxide  and  oxygen,  and  it  is  of  importance  in  the  present 
connection  to  place  on  record  the  respiratory  quotients  obtained  in 
samples  of  air  removed  at  varying  jxTifxls  over  a  time  in  which  the 
animal  was  breathing  normally.    Table  MI  gives  these  results.  . 

Table  III 


No.  of  Cat. 

Time  after  decerebration 

Respiratory  Quotient 

(new  series) 

(minutes) 

X 

100 

0-71 

I7,S 

0-72 

210 

0-71 

XX 

80 

092 

115 

0-90 

m 

1  W 

xxni 

70 

0-72 

90 

0-70 

XXIV 

&o 

0-89 

86 

0-77 

172 

0-81 

183 

0-82 

XXV 

68 

0-72 

83 

0-71 

100 

0-68 

XXVI 

126 

0-81 

140 

0-72 

161 

0-85 

It  will  be  observed  that,  with  two  exceptions,  the  respiratory 
quotient  varies  in  different  animals  from  0-7  to  0-9,  indicating  that  a 
normal  type  of  metabolism  is  in  progress.  The  relative  steadiness  of 
the  quotient  in  each  animal  further  shows  that  the  alveoli  are  being 
ventilated  at  a  uniform  rate. 

3.  The  percentage  of  carbon  dioxide  in  the  arterial  blood  varies 
between  37  and  45  volumes  per  cent,  with  the  exception  of  the  first 
observations  made  on  cats  XVIII  and  XIV,  in  the  former  of  which  it 
is  abnormally  low  and  in  the  latter  abnormally  high.     Both  of  these 
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exceptional  results  were  obtained  in  blood  removed  in  alxiut  one  hour 
after  decercbration,  and  subsequent  experience  has  taught  us  that  a 
1  mKcr  \H:r'uKl  than  this  should  have  In-en  alloweil  for  the  ether  to  have 
hiin  expelled  trom  the  body.  Throughout  the  remainder  of  the 
( l>>-ervations  the  carlxinate  of  the  arterial  iilood  remains  practically 
steady.  It  is  impossible  to  say  from  the  few  results  on  hand  and  the 
iiiall  degree  of  fluctuation  in  the  blo«xl-carbonate  values  wlu-ther  any 
parallelism  exists  between  them  and  those  of  the  a\eoIar  C()<. 

4.  Determination  of  the  total  acidity  and  anunonia  content  of 
tlic  urine  has  not  supplied  results  that  can  be  satisfactory  interpreted. 
In  practically  all  cases,  of  this  group  as  well  as  of  others,  in  which 
siilticient  urine  was  obtainable  to  estimate  both  the  acidity  and  the 
ammonia  content,  a  direct  proiMirtionality  has  been  observed  l)etween 
thf  two.  so  that  to  follow  changes  in  the  acid  excTetion  in  a  given  cat 
( ither  the  titration  or  the  ammonia  values  may  be  used.  In  the  three 
(•\|.<riments  of  this  group  in  which  there  arc  adequate  data  a  very 
(Icciilcd  decline  in  the  acid  concentration  is  observed,  in  fact  in  two 
(if  the  animals,  XXVI  and  XXIII,  the  urine  became  nearly  neutral. 
Wluther  this  result  depends  upon  a  failure  of  the  kidney  to  remove 
n  id  radicles  from  the  blood  or  ufMjn  a  relative  increase  in  fixed  alkali 
in  the  organism  cannot  be  said. 

5.  The  hydrogen-ion  concentration  of  the  arterial  bhxxl  remained 
normal,  at  l\  7-4,  in  one  of  the  animals,  but  it  became  less,  i.e.  l\ 
became  greater  (7-6-7-7)  in  two  of  them  (XVIII  and  XXIII).  On 
acouint  of  technical  difficulties  it  was  impossible  to  secure  sufficient 
(lata  to  make  certain  that  these  changes  are  real,  but  further  observa- 
tions will  be  published  shortly.  If  a  real  increase  in  Ph  does  occur  it 
would  indicate  that  the  decreasing  acidity  of  the  urine,  above  referred 
to,  is  dependent  upon  alkali  retention. 

6.  Lactic  acid  was  determined  in  the  arterial  blood  of  three  of  the 
experiments.  In  two  of  them  (XXVI  and  XXIII)  it  varied  Ijetween 
0  081  and  0101  per  cent.  In  the  third  (XIV)  it  was  much  higher, 
nanuly,  0- 175  per  cent.  It  is  important  to  note  that  the  last  estima- 
tion is  possibly  too  high  because  the  extraction  with  ether  had  to  be 
performed  in  two  portions  of  the  unevaporated  protein-free  filtrate. 
This  would  relatively  increase  the  error  due  to  any  impurities  in  the 
riM^fiits. 

It  is  of  interest  in  this  connection  to  place  on  record  results  ob- 
t  linid  for  lactic  acid  in  the  blood  of  two  cats  which  were  bled  solely 
for  this  purpose  immediately  after  anaesthetising  with  ether.  These 
are  as  follows:  0-052  per  cent  (Cat  Xo.  XXVIII)  and  0-113  per  cent 
iLat  No.  XXIX).     It  is  clear  that  considerable  variation  exists  in 
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the  laciic  add  content  «(  rat's  l)lo<.d  cvi-n  under  approximately  norn.il 
conditions.  Partial  asphyxiation,  due  to  the  ether,  may  explain  ilu 
varialiility. 

7.  Other  occasional  observations  included  tcstinn  the  uriiu  i,  r 
sugar,  the  extent  of  muscular  riKidity,  and  the  arterial  blood  pros,.,, 
r.lycosuria,  when  tested  for,  did  not  appear  so  frequently  in  the  (.11, 
of  this  Rfoiip  as  in  'lose  of  the  second  uroup.  On  .iccount  of  duti- 
culties  with  clottiiij,',  to  -vliich  the  blood  of  many  decerebrate  anim.iU 
appears  to  be  very  prone,  antl  because  of  lack  «)f  assistance,  it  w.i^ 
impracticable  to  secure  maii\  records  of  arterial  blood  pressur<'.  h. 
about  five  hours  after  decerebration  in  Cat  No.  XVIII,  however,  J 
was  70  mm.  Hr.,  and  from  tlic  ease  with  which  the  blood  flowed  irom 
the  femoral  artery  for  the  lactic  acid  estimation,  it  must  have  been  .n 
this  height,  at  least,  in  the  case  of  the  other  experiments. 

The  degree  of  decerebrate  rigidity  varied  considerably  in  the  (lilh  r- 
ent  preparations. 

A  typical  observation  of  the  group  of  animals  in  which  h\per- 
pniea  develoix-d  is  given  in  Table  I\^ 

In  all  of  the  animals  of  this  group  the  decerebration  was  p.r- 
formed  well  fonvard  of  the  anterior  corpora  quadrigemina  and  the 
decerebrated  animal  was  very  excitable,  hypi  rpnaa  being  indmcil 
by  the  slightest  disturbance.  As  a  rule  this  hyiK-rpn(ea  was  traiiMetit 
(cf.  Exp.  XXII)  and  in  all  the  animals  the  respirations  prngrev>.i\tly 
increased  in  volume  and  rate  without  any  evident  afferent  stimulation. 
In  the  most  extreme  cases  (Nos.  X,  XXX  and  XXXI)  death  occurred 
in  about  two  hours  after  decerebration,  being  usually  preceded  by 
vomiting  movements  and  convulsions.  The  rapid  development  of 
these  conditions  made  it  impossible  to  analyse  many  samples  of  alveo- 
lar air  or  blood  for  CO:,  so  that  attention  was  rather  given  to  seciirinL: 
samples  of  blood  and  urine  of  adequate  size  so  that  lactic  acid,  H-imi 
concentration  and  the  acid  excretion  might  be  ascertained.  The  fol- 
lowing observations  are  noteworthy: 

1.  If  we  take  the  average  minute  volume  of  respired  air  of  a 
normal  decerebrate  cat  as  1000  cc.  (cf.  R.  \V.  Scott,  Am.  Jotirn. 
Physiol.,  1917,  XLIII,  p.  169),  it  is  seen  that  in  about  one  hour  aftir 
decerebration  all  the  animals  of  this  group  were  respiring  nornialK, 
although  usually  somewhat  rapidly,  the  average  for  normal  animals 
being  20-25  per  minute.  The  hyperpncea  which  subsequentiv  <k- 
velofK'd  either  did  so  gradually  (\os.  XVII  and  XXII)  or,  after  doing 
so  for  a  time,  suddenly  became  much  more  pronounced  (XXX  and 
XXXI),  this  type  being  especially  prominent  in  hyperexcitable  pre- 
parations. 
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:    Time 

Rn- 

1 

'— ^~~^~ 

1 

after 

pira- 

Urine 

No. 

'  decere- 

tioni. 

Alveolar 

inioo.1 

n/lO 

n'lO 

.  Rcta 

1       K.ni.irks 

bration. 
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CO,  -r 

X'O,', 

acid  '; 

j  NH,'- 

Ti'mp 

min. 

min. 

1 

i 

Wll 

25 
45 

55 

60 

75 
80 

916 

4-9 
4  5 

! 

\ 

41-6 

• 
43-6 

82 

•    ■ 

1 

i 

!    ■■ 
I 

39 
398 

Cut  far  (iw- 
wanl.    Per- 
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1 
H.l".  120  mm 

,R'K''Hiy 
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IB.r.  no  mm 
Hg. 

95 

1020 

88 

'    016 
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115 

3-4 

39-8 
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121 

1130 

31 

1 

134 

1180 

' 

1 

150 

2-8 

! 

155 

1-8 

160 

1-8 

is. p.  ss-^50 

166 

1430 

31 

'  • 

nini.  Ilg. 
KiKiility 

173 

/•O 
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176 

1430 

1-9 

191 

1720 

•    ■ 

29 

205 

1-6 

209 

1500 

27-7 

;; 

215 

1560 

Very  rigic*. 

1 

i 

235 

28 

004 

(llycosuria. 
Lactic  acid 
0-Ul  'p 

-     _J 

'■ 

Ph  ii"i  (lone 

The  abridged  results  on  other  animals  that  showed  the  same 
bthaviour  are  given  in  Table  V: 
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2.  The  alveolar  air  wan  analyncd  for  CO,  in  tMo  of  the  cat*  and 
II  shows  a  [iroKrfxsivv  <K-rn-aM'  whi<h  was  nurf  or  U->m  in  profx.rtion 
t..  the  in<r»aM-  in  wiuilalion.  Thrrt-  ix  onlv  oni'  iX(Mrinu-nt  i>i  which 
s.iltuiintlv  numerouti  data  were  itecurtcl  to  diii-rmint'  tht-  precise 
n  l.itionship  l>etwttn  rate  of  increase  in  ve-uilalion  and  alveolar  ((),. 
In  this  exp»-riinent  an  iniTease  in  volume  from  016  to  \\M)  ic.  [ht 
II  iiiite  rorresixinds  to  a  fail  in  |H-rcentat{e  of  alveolar  CO.,  from  4  5 
t  M.  KivinK  1-4  pir  cent  increase  in  CO,  for  214  cc,  iii.r.aM-  in  air 
t.nathed.  Later,  an  increase  in  ventilation  from  UMO  to  JTJo  ,,  ^.f 
iTMHUte  corresjKinds  to  a  decrease  in  CO,  iKTcent.ine  front  2K  to  16 
Ki\  inR  1  •  2  iHT  cent  decrease  in  CO,  for  540  cc  increase'  in  air  hreathed. 
These  results  indicate  that  the  ventilation  increases  out  of  pro|).,rtion 
t  ■  the  detTease  in  a!  volar  CO,. 

3.  The  carljonale  content  of  the  IjIimmI  decreases  markedly  in  all 
the  three  cases  (X,  XVII  and  XXH)  in  which  it  was  measured,  hut 
thire  are  not  sufficient  data  to  say  whellur  this  is  dependent  upon  a 
■l.lowinK<>lT"  of  CO,  through  the  Iuiiks,  a.i  "acapnia"  in  Mosso's 
Miixc,  or  is  due  to  the  apiK'arance  of  fixed  acids  in  the  l)loo<l.  It  has 
lull  observed  hy  Cannon  and  others'  working'  on  the  problem  of 
Mirnical  shock  that  the  (X),  absorbinjf  |)ower  of  the  venous  blood  in- 
wiriably  becomes  lowered  when  there  is  a  decided  fall  in  the  arterial 
IiIikkI  pressure.  In  a  general  way  a  similar  relationship  apix-ars  to 
ixi>t  in  our  observations,  hut  it  is  im|K)ssible  to  conclude  from  the  ilata 
a\ailable  whether  the  two  values  hear  any  necessary  relationship  to 
I'.K'h  other. 

4.  The  H-ion  concentration  of  the  arterial  blood,  measured  in 
four  of  the  observations,  lafore  exilus  Imomes  decidedly  raised  {l\ 
7  (1^  "•  1).  In  two  of  the  ex|)eriments  (N'os.  X  and  XXXI)  the  animal 
Aas  practically  dead  when  the  hl(KxI  was  collected,  so  that  the  low 
I'h  Tuay  not  Ix;  of  much  significance.  In  the  case  of  the  oth<T  two  ex- 
periments (\os.  XXX  and  XXII),  however,  the  sfx-cimens  'TC  col- 
Itrtid  while  the  animal  was  still  breathing  and  they  indicate  a  very 
dtcisive  degree  of  acidosis. 

5.  Lactic  acid  was  measured  in  three  of  the  animals  and  is  found 
t<i  be  markedly  increased  in  two  (XXII  and  XXXI)  and  about  the 
upper  limit  of  the  normal  value  in  the  third  (XVII).  This  observa- 
tion <-orresponds  with  those  made  on  Ph  and  would  indicate  that  the 
primary  cause  for  the  lowering  of  the  blood  carbonates  and  for  the 
h\|M.Tn(ia  is  the  develoiiment  of  unoxidised  acid  in  the  organism. 

(>■  The  acid  excretion  by  the  urine  is  depressed  in  the  least  acute 
ot  the  ex|K-riments  (XVII)  in  which  also  there  is  no  decided  increase 
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in  th«*  la«tir  add  c«>ntrnt  «>f  thr  hlmM,  but  it  irmainn  c«>n«tant  or  i' 
ci*a>tf^  in  twd  cx|KTitnfnt>t  in  which  thr  hvinTpnna  cirvrlofH-d  aciiii 
ly  (Son.  XXII  antl  XXXl  and  .m  fxn'».>.  <>(  lac-Jir  aiid  and  a  inarkil 
lowi-rinK  in  I*,,  of  the  artfriai  Ii1(kkI  i»  t-vidi-nt.  Inasmuch  as  fhr  .n  i.| 
cxrrctiiin  in  .ill  of  thi'  nurnial  dcrrrfbrati-  aniinaU  iHTonicn  niarkiilh 
dcpn^Mtl,  it  i<*  •tiKnificant  that  in  thow  aninialn  of  th«'  hyinTptM  i 
KToup  the  arid  fxt-rftii>n  !ihiiuld  have  rontinurd  hixh. 

7.  iHtrribratf  riKidity  was  very  tnark«j|  in  the-  four  aniniaU  f 
this  MTit-H  in  which  there  was  exce!»f>ive  InjitTpntia  anti  w.i-  sliyhi  .1 
that  (XX'lll  in  which  this  was  of  K-'mt  tletfree.  This  ohMTNaliin:  ^ 
(Mmsihly  i>f  interest,  since  it  sukrcIs  that  the  accumulation  of  l.nti, 
acid,  which  was  very  high  in  two  of  these  cases,  may  de[H'nd  on  ilu 
abnormally  contracted  nuis«ul.iture.  According  to  such  a  view,  n 
the  state  of  fx-rnianent  (plastic)  tonus  the  bhwMl  supply  to  the  nni^i  li  - 
may  Jx"  in.idequate  to  supply  sutVicient  oxygen  to  effect  the  oxid.uiM' 
removal  of  the  lactic  acid  which  therefore  accutpulates  and  o\»Tt!'Uv 
into  the  blrnxl.  With  regard  to  the  rectal  temperature  it  will  be  ih'IkI 
that  this  usually  rose  son>cwhat,  but  not  sufticicntly  to  account  \><r 
the  dy;«pn<x'a. 

filycosuria  of  slight  degree  was  observed  in  two  of  the  e\pt  ri- 
ments;  sugar  was  not  examined  for  in  the  urine  of  the  other  anini.i!- 


It  may  apix^ar  that  the  division  of  the  animals  into  two  grnui -, 
according  to  whether  or  not  decided  hyperpnnra  became  established,  is 
arbitrary  and  that  certain  of  the  observations  should  have  lu  i  n  ci,i->i- 
fled  as  belonging  to  an  intermediate  group.  Although  this  is  true,  it 
is  nevertheless,  we  believe,  more  correct  to  adopt  the  present  cl.i-^i- 
fication  since  it  corresponds  ti  ..le  general  impression,  which  is  inn- 
veyed  by  actual  experience  with  decerebrate  animals.  As  a  matii  r  nf 
fact,  the  above  records  include,  out  of  a  total  of  twenty  animal-,  ail 
those  save  one  in  which  satisfactory  spontaneous  regular  bn-ailiing 
existed  one  hour  after  the  decerebration.  In  the  one  exceptirm,  the 
breathing  was  excessively  rapid  and  deep,  the  aveolar  CO5  well  IhI^w 
two  per  cent  and  the  blood  carbonate  below  twenty  per  rtnt. 
Although  the  rigidity  was  of  slight  degree  this  animal  was  extn iihIv 
hyperexcitable,  the  section  being  well  forward  of  the  anterior  corpora 
quadrigemina,  and  the  hyi)erpna'a  was  definitely  dependent  u[)<in 
afTerent  stimulation  induced  by  faulty  technique  in  catheterization. 

In  seven  of  the  twenty  animals  satisfactory  breathing  did  mt 
spontaneously  return  within  one  hour  after  the  decerebration,  .md  the 
animals  were  discarded.  It  was  usually  the  case  that  the  section  in 
their  cases  was  well  back,  but  its  exact  position  has  not  been  recorded. 
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Ur  have  prrnrncd  thi-  aiu.ri..r  |...rti.,n»  of  tht-  h.a.l!.  ..i  nunwr-.u. 
.iiimaU  in  MiW(|iMnt  rx|«.rimfntH  ..f  a  !.im:iar  tvtH-.  ami  wr  h..,*  in 
111.'  ruar  futiin-  to  U-  able  to  furninh  data  which  will  i-nal.li-  u>  t<  Mate 
|.ridM-lv  whfrc  the  cut  »hoiil.!  U-  «ituati<l  for  Mtisfac tory  hn-athinu. 
\^  far  a^  w.-  ran  Kav  at  i)riMnt  wh»n  tlu-  |Hmt.rior  cor|)ora  quaclriKe- 
luina  arc  ivrn  sliKhlly  w..unilf.|  s|H,ntancou?.  ri^piraii-.n  i»  Mliloni,  if 

1  \ir,  ol)!M.T%Td. 

In  .-ollalH.ration  with  f.oi.  I  raMr  n.,.l  K.  S,  I.anK.  I  hav,-  fuun.l. 
h-vvivtr.  that  (HTftctly  r.-KuIar  ri-spirationn  may  napinar  in  animnU 
.t  the  alx.ve  tyi*  by  Rrcatly  raininR  th«-  partial  prissiirt-  ..f  oxywrn  in 
th.  alvi-olar  air.  This  i»  doni-  l.y  pa>sinK  a  «atlu  i.r  into  tht-  ira.  lua  m. 
tii.it  itH  <.t*-n  .ncl  Wvs  al«.vf  ihf  l)ifurcation,  ami  thin  dindiarKinR 
«,ivhi<l  oxvKfr:  at  a  rapi<l  rati-  from  a  rylindir  of  the  ras.  In  a  few 
ninuttr..  ilurinK  whit  h  artiticial  r.spiration  niav  In-  niHvss.irv  in  onlir 
tn  ,  arry  the  oxyKon  to  ilu-  ahioli,  the  animal  ii>..iallv  Wv.\\\*  to  l.r.aihe 
111  iKTffCtly  normal  fashion  and  i-ontimH>  doin^  w.  for  hours.  \Vc  are 
,.i  prtM,nl  i-i.KaK«<l  in  studyinK  th.-  very  interestinK  and  far-reaehinK 
lirnblems  which  this  olm-rvation  prewnts;  for  ihe  pn-Miit  we  may 
l«.itit  to  the  interesting  evidence  it  attords  thai  oxygen  <lef"iciency. 
p.r  vc,  far  front  acting  as  a  stimulus  for  the  respiratory  centre,  renders 
it  incapable  of  rhythmic  function,  at  least  in  «-onditi<.ns  where  it  is 
imiarfectly  supplied  with  blooti,  as  after  decerebration.  In  this  con- 
IK.  tion  attention  should  again  In.-  .ailed  to  the  fact  that  if  the  breath- 
ing of  th.  decerebrate  animal  Incomes  feeble  duriUK  compression  of  the 
\.rtebral  arteries,  it  can  Ik'  restored  to  normal  bv  releasing  the  IiIikkI 

liiiW. 

(oXCLfSIONS 

.\fter  removal  of  the  cerebral  hemispheres  a  (vrtain  number  of- 
fits  continue  to  breathe  in  jH-rfecdy  normal  fashion  for  several  hours; 
ritli.rs  fail  tf)  respire  adequately  and  still  others  breathe  normally 
ftr  some  time,  but  subsequently  become  hyinrpnaic,  and  finally  are 
iiMi.illy  seized  by  con\ulsions  t(t  which  they  succumb.  These  difTer- 
tiK.s  in  Iwhaviour  seem  to  be  de|)endent  up<m  the  age  of  the  animal 
.m.l  the  level  at  which  the  section  of  the  mesencephalon  is  made. 
Spontaneous  breathing  is  decidedly  more  likely  to  return  in  the 
S' linger  animals  and  when  the  cut  is  not  further  back  than  the  ati- 
t.rii.r  edge  of  the  anterior  corfiora  quadrigemina.  When  the  cut  is 
liiriher  forward  the  decerebrate  animal  is  hyjK-rexcitable,  decerebrate 
riiiidity  is  marked,  and  the  aniinal  usually  becomes  hyperpnocic. 
Win II  the  cut  is  farther  back,  adequate  sfMmtaneous  breathing  is  un- 
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I'iiriii'ul.ir  iiiH-ntion  i»  \i\\tn  in  ihr  |»rr«niit  rr»rarrh  i«>  ihr  it<>«»il  i. 
r.iii«c  i>(  Ihr  liviwrptma.  Wilh  thin  nlijci  t  in  vir*  th«-  Uhavuiur  .  ! 
th«'  iHTcrntagp  of  cailMin  ilinxiilr  in  thr  aUvolar  air  an«!  artrrial  \i\>-  •! 
ao  »«ll  at  thr  hvilri>K«n-i<in  mnrrneratinn  ancl  thf  |)rrifntaK«'  «'f  U.  n, 
a«i«l  in  ihf  latter  havf  Iwtn  iiin»(wrr«l  with  thr  rij«|»irat<>r\  Uha\i  n 
of  thr  animal.    The  ariil  t-siiTtion  by  way  nt  the  urine  hax  al-i  I 

I  ll  IMTXTtI . 

It  ha*  Ui-n  foiiriil  that  thr  aJx'Vi -nu  titiotwil  valiH'"«  nin.iiti  i.  I.  f 
alilv  ronxiant  in  thr  animal*  whi<h  «lo  not  iMTome  hyiMrpim  ir,  I,,! 
that  in  lh<i^«'  »hi<h  do  wi  tin-  al\«'<«lar-(  •  *j  otiadilv  iI«m  lin«».  imn, 
panicd  or  folhcvrij  liy  a  iliTlinr  in  I>Iihh|  rarUinatio  ancl  hx  a  lUritl. .1 
imreafe  in  the  hyilroum-ion  ronnntration  and  lartir  arid  roiu.  tn  ..t 
thr  artirial  IiIikkI.  'Ihi-M-  MimnI  rhanKrx  indiiati'  thai  un.M.li  i.| 
arid.  Iaili<-.  lia«.  a<  riiimil.iird  in  »lir  I(I>hh|  and  thr  main  (|iirsli«pii  t..  U 
riin-iiilrrrd  i«  whrllur  thr  hyiHTpil'ia  i»  thr  rrMiilt  ol  ihr  u  riimiil.ii  .  t: 
of  aiifl  or  whrthrr  thr  a«id  aftnimilat*-^  iHTauM-  ol  hviH'r|>nir.i  i  .  i 
cirninK  thr  first  hviH)thrHi«  thr  «Iom'  attrntion  which  ha**  U-ni  uiwn 
in  rt-rrnt  yr.irs  to  thr  rotidition  known  a*  acidosis  has  shown  ih.if  ih.  rt 
arr  thrr<'  «  haractrristir  siKiit  of  thr  condition;  hrsf,  a  dnrr  ist  in  ih. 
IKHTntaKr  of  rarlMin  dioxide  in  thr  alve*>lar  air;  MTomily,  a  dr<  n .i-<  m 
thr  ability  of  thr  IiIimmI  to  n>nd)inr  wilh  thin  jjas,  and  thirdly,  ati  in- 
rrrasrd  excretion  of  frrr  acid  l)y  the  kidnry.  Now  it  will  U-  nottd  tli.,, 
the  first  two  of  thene  characteristirs*  are  very  prominintU  allien, I  u 
thoMdecerrhratr  cats  which  iKcanirhyjx'rpniric,  an<l  that  thr  ihinl 
acid  excretion  in  the  urine—  in  thr  caser*  in  w  liich  if  could  Im-  mrasun  d, 
remainrd  decide«lly  higher  in  thr  hy|>erpn<iic  animals  than  in  tli-t 
that  breathed  normally.  If  wr  ad<l  to  thtsr  indirect  rvidrnc.s  (  i  m 
acidosis  conditicm  thr  further  evidence  atlordrd  hy  a  determinatini  "i 
the  hydroKen-ion  concentration  of  the  arterial  I)1o<k1  thrre  wrni-.  Iiitli 
doubt  that  an  intoxication  by  acid  must  have  been  the  caiisi  .1  t!u 
hy|Hrpn«ra.  As  to  the  nature  and  source  of  this  acid  there  is  t  vid.  m i 
that  it  was  lactic  acid -larne  iiercentaRes  l)einK  found  in  thr  .iri.nil 
blo<Kl  which  may  have  Uen  derivet'  from  thr  (ilastic  tonus  •>!  tin 
muscles  of  the  decerebrate  animals,  for  this  condition,  tho^^;h  pn  -i  nt 
in  all  thr  animals,  w.is  esjH'cially  prominent  in  those  thai  im  in'i 
hyiKrpniiic.  It  has  Uen  shown  i>y  Koaf  lOu.irt.  Journ.  Kxp.  I'Iuh..!. 
912,  V,  .11-53)  that  the  gaseous  metalK)lism  of  decerebrate  c.n-  i-  nc 
greater  than  that  of  animals  whose  muM-les  are  paralysed  b>  <  ur  in. 
which  indicates  that  very  little  enerKy  can  Ir-  ex|R-nded  notwitli-i  u'  I- 
ing  the  permanently  contracted  state  of  the  mustles. 

If  Wf  acc»-pt  the  modern  vi«'W  whi<h  is  the  outconu'  of  thr  w  tk  "t 
F.  Gowland  Hopkins  and  Flelchrr  (Vnx-.  Ko> .  Soc.  I.ond..  V»:  nt 
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